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Science 2014: 570 plumes of-Methane -observed percolating up frc
the sea floor off the -eastern coast of the United States
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Vast costs of Arctic change Nature

2013

Methane released by melting permafrost will have global impacts that must be better
modelled, say Gail Whiteman, Chris Hope and Peter Wadhams.
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Ebullition and storm-induced methane release
from the East Siberian Arctic Shelf

Natalia Shakhova?*", Igor Semiletov'?, Ira Leifer>*?, Valentin Sergienko®, Anatoly Salyuk?, P NAS
Denis Kosmach?, Denis Chernykh?, Chris Stubbs?, Dmitry Nicolsky®, Vladimir Tumskoy’ 2014
and Orjan Gustafsson®

Methanogenic burst in the end-Permian carbon cycle

Daniel H. Rothman®®', Gregory P. FournierS, Katherine L. French®, Eric J. Alm®, Edward A. Boyle®, Changqun Cao?,
and Roger E. Summons®

Lorenz Center, ®Department of Earth, Atmospheric, and Planetary Sciences, and “Department of Biological Engineering, Massachusetts Institute of
Technology, Cambridge, MA 02139; and “State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese

.‘l. Academy of Sciences, Nanjing 210008, China

" Edited by John M. Hayes, Woods Hole Oceanographic Institution, Woods Hole, MA, and approved February 4, 2014 (received for review September 27, 2013)

a The end-Permian extinction is associated with a mysterious disrup-  and its perturbation to the carbon cycle but also to amplify the

of

Collectively, these results are consistent with the instigation
E a greatest mass extinction by a specific microbial innovation.

oy TR Ty "
the extinction, prob#ly as a consequence of massive Siberian volca-  a period of about 100 thousand years (Kyr), first slowly, and sub-

nism, enabling a mefhanogenic expansion by removal of nickel lim-  sequently rapidly. At the same time, the isotopic composition d, of
itation. Collectively,jthese results are consistent with the instigation  organic carbon also changes. We seek the physical fluxes in the
of Earth’s greatest mass extinction by a specific microbial innovation.  carbon cycle that predict the chemical signals &; (f) and 82(¢). Of
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Energy System Modeling Efforts in the Renewable and
Appropriate Energy Laboratory, UC Berkeley

(Kammen, et al.,http://rael.berkeley.edu/switch)

WECC (Western H Kosovo
North America) 1— 3/2013
5/2012
Nicaragua:
10/2014
Chile
4/2014 ] East African
: Power Pool
1 (EAPP):

1/2015

China, 7/2014

Sner Malaysia,
' e 1/2013

India, 1/2015

A consistent story emerges: Policy clarity and about $40 per ton of

Carbon emissions by 2030 decarbonizes western North America,
China, Chile. The technology and market forces vary by region.




The SWITCH-WECC Model
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Renewable Generation

Conventional Generation




Exampiliiefcut i I 1ty of ea

Hourly Average of Renewable Resources: Sunday, March 16, 2014

?"E;J System Peak Demand (one minute average): 27, 286 MW

(from the California Independent System Operator)
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The duck curve shows steep ramping needs and overgeneration risk
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Dispatch in 2050:
Flexibility and variable renewables dominate

A Storage almost exclusively moves solar to the night
A Geothermal only remaining substantial baseload
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Power system cost increasingly dominated

by flexibility rather than energy
A Allocation of carbon revenues important
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Electricity Mix, 2020
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o Coal,hydropower, and-gas generatiomdominate thesystem
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System Capacity, 2020

@ No newsstorage! deployed in-assystem-dominated by flexible naturalrgas,and hydro
generation-acrosscscenarios
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Electricity Mix, 2030

@ Eleatiigtty poratuctor beawilyaominated, by toaiugak gas
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System Capacity, 2030

@ New storagedsiinstalled in several seenariosin2030
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Storage Capacity, 2030

New storage-dsinstalled in several seenariosin)2030
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Syoslelll Unit-Corrimiunerit, reiererice sceriario,

&
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The 2020 power\sysien i comiadted day icoalrbyedra, andgasgeneration
Wind istthermain souecef of renewabie: electrcity
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Syoslelll Unit-Corrimiunerit, reiererice sceriario,

2030

@ By 2080;kke sharefot renelwab)es;thatmwind and selargrows
@ Comiliinedcydle gasgeneratior: péplaces fnbaseloatcoall
@ Storagedsitisetiess;espegiallyna therspringdanchguring thensuparier peak

Reference Scenario, 2030
Hourly System Unit-Commitment
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Syoslelll UNnit-COorrimitnerit, reiererice sceriario,

20350

@ Largeddifferences indhowdoadis-met across:seasons
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SYyslelml Unit-Cormmiuriernt, relercrice sceriarlo,
2030

@ For—=10-days inJuly;ssystemdsverysstressed

@ Intermediate ;gas generation is)operatingrat maximumroutput and:peakers are
running ffor many: consecutiveohours
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SQYoslelml UNik-Cornirnunerit, reiererice sceriallo,

2030 .

@ Thetypicaksummer day-has highttime-charging:of:storage, with the-energy release
back during the:afternoonrand.evening heurs

Reference Scenario, July Median Load Day
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Syoslelll Unit-Corrimiunerit, reiererice sceriario,

2030 .

@ On the peak netdoadday (intlatel July);highttime load remains:highvand wind
output is llowthroughout theiday

@ Storage is notused during that period of days-witlhhhigh! load as thereds:littlesexcess
energy-avaiabletolshuffle- around
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Systeln Unit-commimmtnent, surnosrnot osceriallo,
2030

@ Most storage installed of alk secenariosinz2030

w Storage used extensivelythroughout-the.year,smostly-to: shift daytime solar PV
energyitoitherneload peakiin the:eveninga patternn reversal
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Electricity Mix in Western North America, 2020

Coal, hydropower, and-gas generation-dominate thesystem

1200

:
£ 1000
B =
5
ce0 |l = _ = _ B B = B - = = = =
>
S
£ 600
(]
m
§4oo
(ﬁ I I
o
S 200
AN
o I 1 1 B N = = = = =E B EE =
S S Q S © O 0 N
& & ¥ ¥ F ST & & S
KL P F F F I & & & & F F T &
& & ¥ & F F F LS
F g FFFgy v VeSS
O &N 8 & s
S O I P
6\0 \QQ)
&
N

® Nuclear ® Biopower B Coal B Coal CCS™ Hydro © Gas ™ Gas GCS ™ Geothermal  Solar PV ® C3P 6h Sorage ™ Wind



Electricity Mix in Western North America, 2030

@ Eleatiigtty poratuctior beauily dominated, by thaiugak gashwithi daptehgiowth in
renewatilessandisterage
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Electricity Mix in Western North America, 2050

o Electricity production:isivirtuallgll from zerocarbon sourcesysystemisiresilient,
flexible andssmart
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SWITCH-China (2050), Kammen, et al., 2014
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62,597.91 - 120,997.46 W
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Natural Gas Use by ZCTA
# natural gas/year

3,736.36 - 21,866.48 M
21,866.49 - 24,059.46 M
24,059.47 - 25,401.53 [0

25,401.54 - 28,305.68
28,305.69 - 32,569.10
32,569.11 - 38,496.24
38,496.25 - 45,159.97
45,159.98 - 53,103.08 M
53,103.09 - 62,597.90 M

62,597.91 - 120,997.46 W
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(Total household energy CO.e)

Housing

Carbon Dioxide Emissions by ZCTA
metric tons of COZequivalent
535-10.73 W

10.74-12.13 [

12.14-13.06 [
13.07 - 13.92
13.93 - 14.61
14.62 - 15.31
15.32-16.10
16.11-17.06 [
17.07-18.31 [l
18.32-2935 [l
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Transportation

Transportation

Carbon Dioxide Emissions by ZCTA
metric tons of CO2 Equivalent
2.93-11.36 M

11.37-12.89 [l
L

12.90-13.92 [
13.93 - 14.82
14.83 - 15.65
15.66 - 16.57
16.58 - 17.59
17.60-18.91 [
18.92 - 20.64 [l
20.65-241.15 [l
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